Chemical vapor deposition of graphene on Cu: The experimental setup for the chemical vapor deposition growth of graphene is described in previous reports. [1] In short, we have employed 0.025 mm thick copper foil of 99.8 at. % purity (Alfa Aesar #13382 lot H18W024) for the Cu substrate. For the high methane partial pressure growth (P CH4 ) to reach a complete coverage at 1000 °C (Figure 1c and 1d) , 0.4 mbar of P CH4 and 3.6 mbar of hydrogen partial pressure (P H2 ) were used. For the low P CH4 growth (Figure 1a) , where the complete graphene coverage was not achieved, P CH4 and P H2 were 0.0015 mbar and 0.2 mbar, respectively.
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Model details
Consider three main reversible reactions that result in conversion of CH 4(g) to graphene formed on Cu and H 2(g) :
(1) Dissociative adsorption of methane: [2] (2) Hydrogen Desorption: ∆H form_G  -2.4 eV [2a] Generally, the rate of adsorption:
Where P is the partial pressure of the reactant gas, m is the mass of the reactant molecule, k, Boltzmann's constant, T, temperature, s 0 is the initial sticking coefficient pre-exponential factor, and f(θ s ) is free surface coverage( s  ), dependent sticking coefficient term, E a , activation energy of the adsorption.
The rate of desorption is:
Where n, is the order of the reaction, n v is n-th order vibrational frequency,   A , the surface concentration of the adsorbate, and E des , activation energy of desorption. The head of adsorption then can be calculated as:
We note that the CH 4 decomposition reaction can be broken down into many intermediate steps, but it can be combined to give effective kinetic constants for the reaction. Several contributions [4] consider the intermediate steps of reaction (1) on transition metal surfaces in the usual growth conditions to be the following:  Here, we do not consider any side reactions that leads to direct formation of dimers and its derivatives (C 2 , C 2 H x , etc.) from CH x 's and we consider the above reactions to be the general reaction pathway for the dissociative adsorption of CH 4 [4] .
For the reaction (1a), the rates of adsorption (r +1a ) and desorption(r -1a ), and the equilibrium constant (K 1a ) are: 
Combining the reactions (1a and 1b), the effective equilibrium constant, 1( ) 
Hence, balancing rates of adsorption and desorption for the overall methane decomposition reaction:   where we set 1 v = 10 13 s -1 , which is a generally used value of a vibrational frequency when the experimental value is not known [5] , 4 CH m = 2.67 x 10 -23 kg, and _ s Cu ~ 1.53 x 10 19 m -2 .
Here, we use the assumption of the Langmuir adsorption mechanism for the sticking coefficient: For the graphene formation from adsorbed carbon, the rates of attachment (r +3 ) and detachment (r -3 ) of the carbon adatoms per unit length of graphene phase boundary are to be balanced for the steady state. According to the theory of 2D crystallization kinetics [6] : Fixing the activation energies as given by the literature values and 12 , vv = 10 -13 s and using the pre-exponential factor of K 3 as the only fitting parameter, the curve fitting (figure 1c of the manuscript) was performed on our experimental data with This is a reasonable value as the vibrational factors can vary over a few orders of magnitude. [5] S7 Figure S1 . Contour diagram for complete graphene coverage (θ G > 0.995), adsorbed carbon (θ G = 0), and partial graphene coverage (0 < θ G < 0.995) with error bounds (shaded areas) considering 5 % error in the pre-exponential factors, 10% error in pressure values, and 14% error in the energy values (estimated based on the curve fitting of figure 1c ).
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